Operations research can be used to apply analytical methods that help make precise and reasonable decisions. In road maintenance, basic principles of operations research are used to create model formulation that could help lower costs in case of an inaccurately made decision. First, the paper provides a literature review on different model formulations. Afterward, hypotheses are proposed regarding the model formulation, and then the model that minimises total generalised costs from wrong duty orders for road maintenance is offered. In conclusion, the paper evaluates the hypotheses and the process of improving the mathematical model.
I. INTRODUCTION
Road maintenances works are very diverse and specific, ranging from laying of the road surface to daily maintenance activities. Many stakeholders, including managers, dispatchers, and maintenance teams are involved, and maintenance decisions need to be made promptly [1] . Proactive maintenance activities are enabled by forecasting. Forecasting provides advance information about the required maintenance activities. The anti-slip maintenance is performed only in winter to offer anti-slip materials at a specific time and place on the road surface. The anti-slip maintenance nowadays uses live contextual data from many different sources [2] , including open data sources [3] , and decision-making results significantly depend on data availability [4] . A pastime may affect the essential operations of the road network in total. One of them is driving conditions when traffic speed is rapid. The higher the rate, the greater the probability that accidents will occur [5] . As it is known, the road conditions are subject to rapid changes in surface temperature and precipitation sum. The highest fluctuations of the road condition are observed during the winter period; however, the state of the road is also affected by the snow and icing. The road maintenance is performed for specific road sections belonging to a region.
The region in the research is the road network of the Republic of Latvia. This region consists of 55 road monitoring weather stations that are relatively distant from each other. To be able to respond to changes in the environment, monitoring weather stations and cameras operated by different entities are located on road sections near the road surface. Road monitoring weather stations collect raw observations that are processed to be able to make the necessary forecasting for future decisions. For road maintainers, those predictions are crucial to making decisions daily. Road monitoring weather stations and cameras operated by different entities can help in decision-making. The road maintainers controlling smart road signs can give warning messages to drivers at a specific stage of the road network [6] . Missing out information in the time-series of weather stations is unavoidable owing to the full observation of all continuous processes that are almost impossible [7] . Road maintainers need to allocate the resources they are given accurately. One of them is a fleet of specialised trucks that can maintain the right road conditions. Specialised trucks are equipped with an anti-slip material spreader system for the road surface and with snow blades on the front. As it is well known, the cost is very high for road maintenance during the winter months. It is to service the entire road network; it is proportionate and rational to divide the fleet by region. By placing a fleet member in each area that responds to the road service according to the weather forecasters, for example, it is predicted that the snow in that region will be tomorrow. The response to such a forecast is that the fleet member handles the section of the road ahead of the forecast time frame in that particular region. This is where losses occur, as it is often the case that weather forecasts are incorrect and fleet member resources are wasted. For this reason, this article will be able to define the mathematical model of operations research for this case.
The rest of the paper is organised as follows: Section II discusses a literature review, Section III proposes model formulation, and Section IV provides summary and conclusions.
II. LITERATURE REVIEW
The literature review focuses on the development of a new mathematical model, by researching existing mathematical models and their formulation principles. The new mathematical model includes forecasting that will be integrated into ERP systems to improve the business processes. As in any literature review, most should be highlighted in the specific field where the relevant keywords are searched for and the topic of interest. In this case, keywords are compiled for the scientific articles in Table I . Information Technology and Management Science
The model formulation for road maintenance is almost as old as operations research itself; [8] provides a comparison of differences between operations research steps that have changed over centuries. Formulating the problem and implementing the solution remain precisely as they were defined in the beginning; the rest of the steps have changed over time. The coding process has also been changed, and it is easier to implement solution nowadays. In [9] , authors demonstrate numerical values of practical empirical model parameters for a given workpiece, which proves that changing the model parameter can affect the achievement of better results, which confirm the operations research theory, i.e., changing settings can experimentally yield better results than the original. In [10] , using spectral models proves that the model formulation requires parameter adjustment. In [11] , Mixed-integer model formulation is outlined. However, the presentation of disjunctive formulation techniques emphasises that not all problems can be solved by this method. The operations research theory also states that each problem requires its own approach and method and that customisation is required. Moving closer to the problem, [12] combines the need for uncertainty from regional model formulation to obtain accurate results emphasising the need for precision.
When it comes to operations research (OR) model formulation, it is good to know how to use OR for different problem-solving tasks. In [13] , author discusses model formulation and algorithms with a detailed problem description and notation also expanding the complexity of model formulation in the routing train case. The paper also addresses the feasibility problem before model formulation that is one of OR tasks to understand where the possible solutions are socalled feasible region that is also applied in mathematical optimisation. In [14] , authors aim at minimising the waiting time; however, the problem is formulated as a mixed-integer programming model, the results of which demonstrate significant improvement [15] . In [16] , authors show the goal programming model, which is best known in mathematical programming with multiple objectives emphasising another type of model formulation principles. In [17] , the improved formulas for problem-solving for the hub are proposed to improve previous results; in other words, the experiment is repeated, and the metrics are improved. In [18] , authors represent an economic order quantity (EOQ) model, its formulation and use in specified cases, as well as present a new "sustainable EOQ model". It follows that the models need to be modified for a specific task. In [19] , model formulation in a particular way for single machine scheduling to minimizing the maximal lateness on a single machine and minimizing the sum of weighted completion times on a single machine also parallel preemptive machine scheduling. A very detailed example of model formulation is reflected with raised OR objectives. In [20] , authors not only show the model formulation but also propose the algorithm that inserts and defines the model as well as runs it. The model formulation and algorithm are about the capacitive batch size problem (CLSP). In [21] , with a substantial literature review, authors represent integrality constraints in the model for the level of repair analysis. They state that it is possible to cut costs using this approach. The OR can deal with simple tasks where the use of mathematics is required; one can define and execute, according to specific criteria, a task or goal that has to be achieved within a specified time with specific parameters. However, a closer look at the literature suggests that each case requires an adaptive approach for changing parameters.
The next keyword "Mathematical Model Formulation" is searched for. The OR already offers a way to define mathematical models, but the literature can find its obstacles as well as more accessible paths to more precisely formulate a mathematical model, which is the goal of this article. In [22] , authors present the basic principles of formulating a classic 20th-century mathematical model that can be easily perceived and used. In [23] , authors discuss that it is necessary to develop a precise mathematical representation for tasks as well as appropriate tools to run the mathematical model. In [24] , authors introduce one more mathematical model and solution; however, the model can be applied to a real-world situation and every mathematical model can be improved. In [25] , authors provide a case study in strategic-tactical model formulation.
The comparison of the model solution and real decisions is used to prove the applicability and usefulness of the strategic-tactical model. The strategic-tactical model makes it easier to understand the expected result after defining the model and implementing it. In [26] , authors offer interesting mathematical model formulation that introduces one of the types of mathematical notation associated with colour device calibration. In [27] , originally the problem is formulated as a mixed-integer nonlinear program (MINLP); the model obtained can be simplified by the mixed-integer bilinear program (MIBLP), in which the objective function as a continuous variable multiplies only the nonlinearity through precise linearisation. In other words, it is possible to obtain better results from the initial mathematical model to the next simpler model. It is proven once again that the original model could be called an abstract model that will change over time. In [28] , authors confirm that the mathematical model formulation changes and will change each time any parameter value changes dynamically. Once they do, a sensitivity analysis is used.
One way of solving an OR problem is to formulate linear programming model formulation that is already derived from mathematical model formulation and can be entered into a computer program that will be able to optimise the given model with given parameters using OR methods. In [29] , the task of traveling salesman problems in OR is invented. Accordingly, this problem affects many different parameters that can be computed by a man on paper and with the help of a palace. However, it has to be taken into account that these parameters are predominantly necessary for a person to do this, which is why computer programs are used, which can calculate and retrieve the best solution for the traveling salesman problem according to the OR principles. In this article, integer programming formulation is used for the traveling salesman problem-solving. In [30] , authors introduce linear programming formulation to the overall portfolio selection problem. This problem is frequently solved with quadratic or linear programming methods, depending on the risk measure used in the objective function. In [31] , author demonstrates a useful linear programming model and optimisation algorithm for trigeneration and presents formulation with the help of mixedinteger linear programming, which is also found in [32] . In [33] , authors represent a linear programming model to minimise production and purchase costs simultaneously. Comparing the performance shows better results than what was done before using a linear programming model. A similar observation is made in [34] , which produces three times better results than initial ones using the integer linear programming model. However, it is emphasised that there is a kind of limitation with two devices. In [35] , on the other hand, authors confirm that it is possible to control the prediction of several performance indicators, but it is severely affected. In [36] , author points to the linear formulation of hybrid solvers that would be very relevant in the future. This article emphasises the possibility of solving OR problems in different ways because nowadays there are problems that have not existed historically. As society and technologies keep developing, the demand in several fields has changed radically.
The next section defines and formulates a model that will be used for the future research. Based on scientific papers, the mathematical model is explained in detail with all process steps.
III. MODEL FORMULATION
Before defining and formulating the model, it is necessary to understand the nature of the problem in order to perceive a big picture better.
A. Problem Description
The problem with road maintenance is that it is necessary to know if the road condition is satisfactory or nonetheless dangerous during the winter months and at what point the road maintainer should respond. Defining a satisfactory condition for the road surface at a given stage may indicate that the condition of the road is not icy, nor is there any precipitation or forecast of it in the near future. The following sections will explain this problem in a more detailed way.
In this paper, one of road maintenance problems is targeted. As it is known, in winter, the icing on the road surface puts drivers at risk. Moreover, one of the primary tasks of road maintenance is to keep the road section safe. To ensure this security 24 hours a day, the road maintainers need to monitor the condition of the road with their equipment and record historical data in one place. It takes place in the Republic of Latvia with the help of 55 road monitoring weather stations, and their volume increases every year. In order to be able to clear the road section where it is needed during the winter months, Latvian road maintainers are armed with a large number of specialised trucks capable of handling this task. The only difficult predictable task is that these tasks with specialised trucks need to be pointed at a specific time and place to be able to clear the road surface from snow and ice due to the weather. Responsibility for these decisions lies with the administration, which must base its decisions on weather forecasts, weather stations near road surface, and historical data. Good estimates are needed to make more accurate decisions. To be able to understand and draw any conclusions, one must first ask questions or put forward hypotheses.
B. Presenting the Hypotheses
The road maintenance problem is focused on the following hypotheses to perform optimisation modelling:
1. Hypothesis 1: It is hypothesised that road maintainers need road condition forecasting; 2. Hypothesis 2: Will the mathematical model be able to improve the time before the road section is in a dangerous condition? It is necessary to define the parameters and variables, where the OR approach will be explained in more detail.
C. Defining the Parameters and Variables
The parameters and variables are defined in Table II to construct the optimisation model of the specific road maintenance problem. After all of the variables and parameters have been established, the objective of the optimisationto reduce the investment in the road maintainer problemcan be defined. The model is built on OR basic principles and can change over time, striving for better results.
D. Establishing the Optimisation Objective
The objective of the model is to minimise the total generalised costs for accomplishing the specialised truck of the maintenance service from wrong duty orders. The objective function of a linear programming problem is a linear function of the decision variable expressing the objective of the decisionmaker [8] .
In this study, the maintenance service order costs in (1) where (i = 1, 2, …, n) and (j = 1, 2, …, n) and penalty costs are caused by the early or delayed accomplishment of maintenance service order in (2) .
E. Formulating the Constraints Equation (3) ensures that no more than one specialised truck of the maintenance service operated on a particular destination.
Equation (4) ensures that the specialised truck of each maintenance service order will punctually depart from the origin at the corresponding release time.
Equations (5) and (6) constrain the domains of the two variables according to their definitions.
Equation (7) where is the confidence level that is determined by decision-makers subjectively and falls into the range [0, 1]:
Non-negativity restriction indicates that all decision variables must take on values equal to or greater than zero. To prove the second hypothesis, it is required to create a forecasting model; however, this article is only for mathematical model formulation. Nonetheless, the prediction model might be similar to equation (8) .
In equation (8), ̂+ 1 one-step forecast and observation of historical last forecast data and the last ̂ are the necessary forecasts. The mathematical model needs to be tested through experiments to evaluate what needs to be improved and using real data can also create the constraints needed for an OR approach to make it easier to identify and understand the feasible region. The optimisation concept is represented in equation (9) .
Equation (9) represents ε as noise that sometimes will be equal to zero. The alpha and phi parameters can be used to optimise the prediction model. The model will be linked to data that are unevenly distributed across different sources in space and time.
IV. CONCLUSION
Involved parameters and objects have been defined; the OR approach has been used to achieve the desired mathematical model. The mathematical model will be used in the future to reduce the overall cost of road maintenance service and to provide a relatively good response time for road maintainers.
To prove the first hypothesis, by making and learning the formulation of a mathematical model and its significance, road maintainers need a road condition forecasting. In order to be able to improve the current situation, it is necessary to create a mathematical model and optimise it for better predictions.
It has been proven that a mathematical model will not be able to improve the time before the road section is in a dangerous condition. The mathematical model is a conceptual set of signs in order to understand what the parameters are and defining an objective function to achieve this result. After defining, it is necessary to carry out practical experiments and repeat them in order to be able to compare them before this mathematical model produces better results. According to the OR approach, only after optimisation, the result can be improved, the definition does not give such a result at the first declaration.
